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0 PROCESS FOR PRODUCING LIPOSOME COMPOSITION 



@ A process for producing a liposome composition 
which can inhibit the decomposition of the drugs 
contained therein, in particular, a physiologically ac- 
tive protein with a molecular weight of 500 to 100 
thousand, has a high incorporation rate, can be ad- 
ministered subcutaneously or intramuscularly, and 
contributes to sustained release. The process com- 



prises dissolving a lipid in a first organic solvent, 
preparing an emulsion by adding an aqueous drug 
solution to the lipid solution and emulsifying the 
resultant solution, mixing at a low temperature th 
emulsion with a second organic solvent wherein the 
lipid is sparingly soluble, recovering the precipitated 
fraction, and suspending the recovered fraction in an 
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Field of the Invention 

This invention relates to a process for prepar- 
ing a drug-containing liposome composition com- 
prising a drug and a lipid. 

Background of the Invention 

Liposomes composed of a phospholipid have 
been developed as a drug carrier with high 
biocompatibility. Intravenous administration of a 
drug-liposome combination has been studied for 
the purposes of improving retention of a drug hav- 
ing a short half life in blood or of suppressing 
deactivation of a drug in a living body. However, 
liposomes are easily caught by reticuloendothelial 
cells as well as other colloidal particles and there- 
fore fail to achieve the above purposes. 

The rate of drug inclusion into liposomes that 
has been achieved to date by conventional tech- 
niques of liposome preparation is in most cases 
50% or lower, and this low rate of inclusion has 
lessened the industrial utility of a drug-liposome 
composition. To overcome this problem, remote 
loading techniques and the like have been devel- 
oped, but those techniques are applicable only to 
those drugs having a low molecular weight and are 
charged. 

There is a report on experimentation which 
demonstrates the effect of liposomes In sustaining 
release of a drug from a drug-liposome composi- 
tion administered intramuscularly or subcutaneous- 
ly. Usefulness of liposomes as a carrier In sus- 
tained release preparations is known in the art. 

JP-A-4-234820 discloses a peptide-liposome 
composition capable of slowly releasing a peptide 
having a molecular weight of 500 to 10000 for a 
long time (at least 1 4 days). It is assumed that the 
peptide disclosed has high stability to heat and is 
stable under the disclosed condition for liposome 
preparation (the liposome is prepared at the phase 
transition temperature of the phospholipid used, 
i.e., 30 'C at the lowest). However, most of phys- 
iologically active peptides are labile against heat, 
and preparation under a low temperature condition 
is desirable. Additionally, as shown in the Exam- 
ples to follow, the highest rate of drug inclusion 
reached by the disclosed technique is no more 
than 30% in the case of a highly water-soluble 
drug. 

In light of these circumstances, the present 
inventors conducted extensive study and found, as 
a result, that (1) a specific process for preparing a 
liposome composition inhibits decomposition of a 
drug to be included into liposomes, particularly a 
physiologically active protein having a molecular 
weight of 500 to 100,000 (the process per se 
inhibits the decomposition). (2) that process 



achieves a high rate of inclusion. (3) the liposome 
composition prepared by the process can be sub- 
cutaneously or intramuscularly administered and 
(4) the liposome composition makes a contribution 
5 to sustained release of the drug. The present in- 
vention has been completed based on these find- 
ings. 

Disclosure of the Invention 

70 

The present invention relates to a process for 
preparing a drug-containing liposome composition 
comprising (1) dissolving a lipid in a first organic 
solvent, (2) adding a drug-containing aqueous solu- 

75 tion to the lipid solution, followed by emulsifying to 
obtain an emulsion, (3) mixing the emulsion at a 
low temperature with a second organic solvent in 
which the lipid is sparingly soluble. (4) collecting 
the precipitated fraction, and (5) suspending the 

20 precipitated fraction in an aqueous solvent. 

(i) Drug 

Drugs which can be used in the present inven- 

25 tion particularly include physiologically active pro- 
teins having a molecular weight of 500 to 100,000. 
Examples of such drugs include cytokines, such as 
interferon (IFN). e.g.. IFN-a, IFN-jS and IFN-7. colo- 
ny-stimulating factors (CSF). e.g., G-CSF. M-CSF, 

30 GM-CSF and CSF-HU, calcitonin, and interleukin. 
Additionally included are plasminogen activators, 
e.g., urokinase (UK), urokinase precursor, and tis- 
sue plasminogen activator (TPA), blood clotting 
factors FVIII, FIX and FXIII, plasminogen, antithrom- 

35 bin III, ai-antiplasmin. angiotensin, kinin. an- 
drosterone, kallikrein, renin, erythropoietin (EPO). 
trypsin inhibitor, esterase inhibitor, gonadotropin, 
progesterone, estrogen, insulin, glucagon, thyroid- 
stimulating hormone, thyroid hormone, growth hor- 

40 mone, growth factors, and the like. 

The drug to be used in the present invention 
may be a derivative or an active site (fragment) of 
the above-mentioned physiologically active pro- 
teins. 

45 

(ii) Lipid 

The lipid which can be used in the present 
invention is not particularly limited as long as it is 

50 capable of forming liposomes in which a drug can 
be incorporated (included), physiologically accept- 
able, subject to metabolism, and non-toxic. Such 
lipids include phospholipids, glycoiipids, and lipid 
related compounds. 

55 The phospholipids include phosphatidylcholine, 

phosphatidylsehne. phosphatidic acid, 

phosphatidylglycerol, phosphatidylethanolamine, 
phosphatidylinositol, sphingomyelin, dicetyl phos- 
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phate. lysophosphatidylcholine (lysolecithin), and 
mixtures thereof, such as soybean phospholipid 
and egg yolk phospholipid. Hydrogenated 
phospholipids may also be used. 

The glycolipids include cerebroside, sulfolipid 
(e.g., sulfatide). and gangiioside. 

The lipid related compounds include cholic 
acid and deoxycholic acid. 

The structure of the liposomes may be as a 
multilamellar vesicle (MLV). a small unilamellar 
vesicle (SUV), a large unilamellar vesicle (LUV), 
etc. 

(iii) Combining of Drug and Lipid 

Combining of a drug and a lipid will be ex- 
plained by referring to the example where the lipid 
contains at least a phospholipid. 

A lipid is dissolved in a first organic solvent 
which is capable of dissolving the lipid and is 
immiscible with water, such as chloroform, dich- 
loromethane or hexane, preferably dich- 
loromethane, to a concentration of about 10 to 
1000 mg/ml, preferably about 200 to 1000 mg/ml. 

To stabilize the lipid, an antioxidant such as 
tocopherol (vitamin E) may be added to the solu- 
tion. A suitable amount of an antioxidant to be 
added is from about 0,01 to 0.5% by weight based 
on the weight of the phospholipid. The drug (i) is 
dissolved in an appropriate aqueous solvent, such 
as a buffer solution adjusted to pH 4 to 1 1 (e.g., 
citrate buffer, phosphate buffer, acetate buffer or 
physiological saline). The drug solution and the 
lipid solution are brought into contact with each 
other, and the mixture is rapidly shaken or agitated. 
Where a protein is used as drug, it is used in an 
amount of from 0.01 to 10 parts by weight in terms 
of protein per part by weight of the phospholipid. 

In preparing liposomes, stabilizers such as 
cholesterol, phosphatidic acid, dicety! phosphate, 
stearylamine. and fatty acids (e.g., palmitic acid) 
may be added. 

The liposome composition of the invention may 
also contain, as a stabilizer, a high molecular 
weight polymer selected from albumin, dextran. 
vinyl polymers, nonionic surface active agents, 
gelatin, and hydroxyethyl starch. 

The high molecular weight polymer stabilizer 
may be incorporated into the liposomes together 
with a drug and/or be added to the drug-containing 
liposome composition (i.e.. added to the outside of 
the liposomes). As a matter of course, it may be 
present both inside and outside the liposomes. 

The above-mentioned high molecular weight 
polymer stabilizer is suitably added in an amount 
of from 0.5 to 10 parts by weight, preferably 1 to 5 
parts by weight, per part by weight of the lipid. 



The ratio of the drug-containing aqueous solu- 
tion to the lipid-organic solvent solution is front 
about 1/10 to 1/1. preferably from about 1/10 to 
1/2, by volume. 
5 The emulsification of the lipid-organic solvent 

solution and the drug-containing aqueous solution 
is carried out at a temperature not higher than 
room temperature. 

The thus prepared OAA/ emulsion is mixed with 
70 a second organic solvent in which the lipid is 
sparingly soluble at a low temperature, for exam- 
ple, 10 "C or lower, to form a precipitate, it is 
preferable to use the second organic solvent pre- 
viously cooled to 10 *C or lower. If desired, the 
75 emulsion may also be cooled beforehand. The sec- 
ond organic solvent should be sparingly capable of 
dissolving the lipid to such an extent that the mixed 
system forms a precipitate at a prescribed tem- 
perature and is preferably immiscible with water. 
20 Such organic solvents include ethyl acetate and 
acetone, with ethyl acetate being preferred. The 
second organic solvent is used in an amount at 
least equal' to, preferably 5 times or more, the 
volume of the emulsion. 
25 Then, the precipitated fraction, which contains 

a drug-lipid complex mainly comprising drug-con- 
taining liposomes, is collected, for example, by 
centrifugation. 

The collected fraction is suspended in an ap- 
30 propriate aqueous solvent to obtain a liposome 
composition according to the present invention. 
Suitable aqueous solvents include physiological sa- 
line and buffers (e.g.. phosphate buffer and citrate 
buffer). The aqueous solvent is used in an amount 
35 of at least 0.5 part, preferably at least 1 part, by 
weight per part by weight of the precipitate fraction. 

The resulting drug-containing liposome com- 
position usually has a liposome diameter of about 
10 nm to 50 um. preferably 50 nm to 20 um. 
40 In the drug-containing liposome composition of 

the present invention, the drug is present mainly in 
the liposomes but may be present in the aqueous 
phase outside the liposomes. The rate of inclusion 
(i.e., the ratio of a drug included in the liposomes 
45 to the total drug present in the drug-containing 
liposome composition) is not less than 30% by 
weight, preferably not less than 50% by weight. 

If desired, the drug-containing liposome frac- 
tion may be isolated from the composition and 
50 purified through known means, such as centrifuga- 
tion and gel filtration. 

The drug-containing liposome composition or 
the liposome fraction thereof may be washed with 
a pharmaceutically acceptable aqueous solution if 
55 desired, divided in portions and formulated into 
pharmaceutical preparations, in the form of liquid, 
pellets or suspensions. The preparation is carried 
out in accordance with the widely known methods 
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in the art of pharmaceutical preparation. The liquid 
preparations may be frozen followed by drying 
under reduced pressure to prepare lyophilized 
preparations. 

The dose of the preparation can be adjusted 
according to the conditions, symptoms, the body 
weight or age of a patient, etc. The preparation can 
be administered, for example, intramuscularly or 
subcutaneously. 

Best Mode for Carrying out the Invention 

The present invention will be explained in 
greater detail with reference to Examples and Test 
Examples, but the present invention should not be 
construed as being limited thereto. The following 
abbreviations are used in Examples and Test Ex- 
amples. 

EPC: egg phosphatidylcholine 
MLV: multilamellar vesicle 
SA: stearylamine 

EXAMPLE 1 

Preparation of Liposomes 

A hexane-ethanol solution containing 800 mg of 
EPC was put in an egg-plant type flask and dried 
at room temperature under reduced pressure. Two 
ml of dichloromethane was put in the flask to 
dissolve EPC, and 0.5 ml of an aqueous solution of 
IFN-a (10^ unit/ml) was added to the solution, fol- 
lowed by emulsifying by means of Biotron (a me- 
chanical mixer). The resulting emulsion was poured 
into 20 ml of ethyl acetate cooled with dry ice- 
ethanol, and the precipitate formed was collected 
by centrifugation (10,000 g x 10 min). The col- 
lected precipitate fraction comprising a drug-EPC 
complex was suspended in 20 ml of a buffer or 
physiological saline to obtain a liposome composi- 
tion of the present invention. 

Get Filtration 

The above prepared liposome composition was 
subjected to gel filtration as follows. Gel filtration 
was conducted using a column (1.0 cm diameter x 
18 cm length) packed with Sephacryl S-400 gel 
and equilibrated with a gelatin-containing tris buffer 
(pH 7.4). The liposome fractions that eluted at the 
void volume were collected. 

EXAMPLE 2 

A liposome composition was prepared in the 
same manner as in Example 1 , except for replacing 
EPC with a 4:1 mixture of EPC and SA. 



EXAMPLE 3 

A liposome composition was prepared in the 
same manner as in Example 1 , except for replacing 
5 IFN-a with a UK precursor. 

TEST EXAMPLE 1 

The rate of drug inclusion in the liposome 
10 composition prepared in Example 1 was 61%. That 
is, 61% of the drug was present in the liposome 
fraction, and 39% of the drug was present in the 
outer aqueous phase. The liposomes had an aver- 
age particle size of 4.6 um. 
75 On the other hand, a lipid thin membrane of 
EPC was prepared in accordance with a conven- 
tional process (JP-A-3-63298). and an aqueous so- 
lution of IFN-a was added and suspended to pre- 
pare MLV. The rate of drug inclusion was 25%. 

20 

TEST EXAMPLE 2 

The liposome composition prepared in Exam- 
ple 1 (IFN-a: 200 ug/ml) was subcutaneously ad- 

25 ministered to the back of a 7-week-old male 
BALB/c mouse weighing 25 g at a dose of 0.1 ml. 
After 120 hours from the administration, the mouse 
was sacrificed with a chemical, blood was taken 
from the heart, and the plasma was separated. The 

30 site of administration was excised and minced in 1 
ml of 1% Triton X-100. and the drug remaining in 
the site of administration was extracted. 

As a control, a 200 ug/ml solution of the drug 
in physiological saline was used. The drug con- 

35 centration in the plasma and the tissue extract was 
measured by ELISA. 

As a result, it was found that the drug con- 
centration in plasma was 0.26 ng/ml (that of the 
control was 0 ng/ml) and the drug retention at the 

40 site of administration was 24% (that of the control 
was 0%). Therefore, the liposome composition of 
the present invention is expected to be useful as a 
sustained release preparation. 

45 Industnal Applicability 

As compared with a drug per se, the drug- 
containing liposome composition of the present in- 
vention suppresses disappearance of the drug in a 
60 living body, especially in blood, thereby maintain- 
ing the drug level in blood. 

Accordingly, the liposome composition en- 
hances the pharmacological activity of the drug in 
addition to the property possessed by the drug 
55 itself. 

According to the liposome composition pre- 
pared by the process of the present invention, 
decomposition of the drug, particularly a phys- 
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iologically active substance, can be inhibited, a 
high rate of drug inclusion can be attained, the 
resulting preparation can be administered sub- 
cutaneously or intrannuscularly, and thus nnakes 
contribution to sustained release of the drug. 5 

Claims 

1. A process for preparing a drug-containing lipo- 
some composition comprising the following 10 
steps: (1) dissolving a lipid in a first organic 
solvent to form a lipid solution, (2) adding a 
drug-containing aqueous solution to the lipid 
solution, followed by emulsification to obtain an 
emulsion, (3) mixing the emulsion at a low 75 
temperature with a second organic solvent in 
which the lipid is sparingly soluble, (4) collect- 
ing precipitates formed in step (3), and (5) 
suspending the precipitates in an aqueous sol- 
vent. 20 

2. The process according to claim 1 , wherein the 
first organic solvent dissolves the lipid and is 
immiscible with water. 

25 

3. The process according to claim 1 , wherein the 
first organic solvent is selected from chloro- 
form, dichloromethane or hexane. 

4. The process according to claim 1, wherein the 30 
second organic solvent is selected from ethyl 
acetate or acetone. 

5. The process according to claim 1 , wherein the 
second organic solvent sparingly dissolves the 35 
lipid and is immiscible with water. 

6. The process according to claim 1, wherein the 
drug is a physiologically active protein having 

a molecular weight of front 500 to 100,000. 40 

7. The process according to claim 1, wherein 
step (3) is carried out at a temperature of not 
higher than 10' C. 

45 
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